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Abstract. During the refrigeration of minced meat, there are two major oxidative processes 
responsible for changing the colour and smell of meat: myoglobin oxidation and the oxidation of 
unsaturated fatty acids. Researches have shown that polyphenols extracted from plants have the 
capacity to reduce lipids and proteins oxidation processes in meat. In this study we aimed to determine 
the antioxidant effect of polyphenols extracted from dog rose (Rosa canina) fruits on myoglobin and 
lipids in refrigerated minced beef. Oxidative processes of myoglobin and lipids have been evaluated 
by assessing myoglobin (Mb) and metmyoglobin (MMb) concentration, conjugated dienes (CD), 
conjugated trienes (CT) and compounds that react with thiobarbituric acid (TBARS). The results 
showed that the antioxidant activity of polyphenols extracted from dog rose fruits is dependent on 
their concentration. In concentrations of 50, 100 and 150 μg gallic acid equivalent/g minced meat, 
polyphenols had a gradual antioxidant effect, while the concentration of 200 μg gallic acid 
equivalent/g minced meat showed a slight prooxidant effect compared to 150 μg GAE/g minced meat 
concentration. Due to the antioxidant activity exerted on myoglobin and lipids, polyphenols extracted 
from dog rose fruits can be used to maintain colour and flavour of minced beef subject to refrigeration.  
 




During the refrigeration of minced meat, there are two major oxidative processes 
responsible for changing the colour and smell of meat: myoglobin oxidation and the oxidation 
of unsaturated fatty acids. Also, the organoleptic aspects due to lipids oxidation have 
implications in human health. Primary and secondary products of lipid oxidation may cause 
damage to membrane proteins, affecting vital cell functions, are chemical toxicants, lead to 
deteriorative processes and cause mutagenesis (Ladikos and Lougovois, 1990).  
Incorporation of synthetic antioxidants in minced meat has been used to retard or 
minimize oxidative deterioration. In food industry, the most frequently used antioxidants are 
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tertiary butyl 
hydroquinone (TBHQ). These synthetic antioxidants can effectively be used in meat because 
of their high stability, low cost and efficiency. On the other hand, the use of synthetic 
antioxidants is under strict regulation due to the potential health risk caused by such 
compounds (Siripatrawan and Harte, 2010). Therefore, extensive research has been conducted 
to employ some natural antioxidants such as phenolic compounds as alternatives to synthetic 
antioxidants (Siripatrawan and Harte, 2010; Chan et al., 2007; Yen et al., 2008). 
Researches have shown that polyphenols extracted from plants have the capacity to 
reduce lipids and proteins oxidation processes in meat (Cai et al., 2005; Camo et al., 2008; 
Hernandez-Hernandez et al., 2009; Mc Bride et al., 2007; Papuc et al., 2012c). Polyphenols 
may act as antioxidants by scavenging radicals that include superoxide anion, hydroxyl 
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radical, lipid peroxyl radicals, singlet oxygen and hydrogen peroxide quenching, metal 
chelation, as well as lipoxygenases inhibition (Bors et al., 1996; Guo et al., 2009; Hu et al., 
1995; Papuc et al., 2012a; Pietta, 2000, Rice Evans et al., 1996; Rong, 2010). In addition, 
because they are extracted from plant sources and have positive effects on human health, 
polyphenols are presumed to be safe (Papuc et al., 2012b). 
Aims and objectives. In this study we aimed to determine the antioxidant effect of 
polyphenols extracted from dog rose (Rosa canina) fruits on myoglobin and lipids in 
refrigerated minced beef. 
 
MATERIALS AND METHODS 
 
Preparation of dog rose fruits alcoholic extract. Dog rose fruits were dried, ground 
into a fine powder and then extracted with ethanol according with the method described by 
Papuc et al. (2012c).  
Preparation of meat samples. For the researches it was used beef thigh; meat was 
minced using a mincer with the hole diameter of 3 mm. Following the evaporation of ethanol, 
polyphenols extracted from dog rose fruits were neutralized with 0.01 N NaOH and 
incorporated in meat at concentrations of 50, 100, 150 and 200 μg gallic acid equivalent/g 
minced meat. After packing in polyethylene, minced meat samples treated with polyphenols and 
control samples (minced meat untreated with polyphenols) were refrigerated at 4°C for 7 days. 
Determination of total polyphenolics compounds. Total phenolics content was 
estimated using a Folin-Ciocalteu reagent - based assay (Singleton et al., 1999). Total 
polyphenols content was expressed as mg gallic acid equivalent/100 mL (mg GAE/100 mL). 
Determination of Fe
2+
 chelating activity and total reducing power of polyphenolic 
extract. The ability of dog rose fruits polyphenolic extract to chelate Fe
2+
 was determined 
using the method described by Yen and Duh (1993). Fe
2+
 chelating activity was expressed as 
% Fe
2+
 chelatation. Total reducing power activity of polyphenolic extract was determined 
using the method described by Oyaizu (1986). Fe
3+
 reducing power was expressed as mM 
ascorbic acid equivalent (mM AAE).  
Evaluation of myoglobin oxidation 
Determination of myoglobin and  metmyoglobin concentration. Myoglobin and 
metmyoglobin concentration in minced beef were determined according with the method described 
by Maqsood and Benjakul (2010). The concentration of myoglobin was calculated on the basis of 
the equation (1) and expressed as milligram myoglobin per gram meat (Krzywicki, 1982): 
 
Mb concentration (mg/g meat) = (− 0.166R1 + 0.086R2 + 0.088R3 + 0.099) × A525 × 0.0175 
× dilution factor    (1) 
Where, A525 is absorbance at 525 nm, R1 is A572/A525, R2 is A565/A525, and R3 is A545/A525. 
 
Percent of metmyoglobin was calculated on the basis of the equation (2) and 
expressed as % MMb (Krzywicki, 1982): 
 
% MMb = (− 2.514R1 + 0.777R2 + 0.800R3 + 1.098) × 100       (2) 
 
Where, R1 is A572/A525, R2 is A565/A525, and R3 is A545/A525. 
 
Evaluation of lipid oxidation 
Lipid extraction. Lipids were extracted with chloroform/methanol/water using the 
method described by Folch et al. (1957). 
116 
 
Determination of conjugated dienes (CD) and conjugated trienes (CT). The procedure 
was carried out according with the method described by Recknagel and Glende (1984). Lipid 
extract was evaporated and redissolved in cyclohexane. UV spectrum of lipids was monitored 
using an UV-VIS-NIR spectrophotometer (Jasco 670); the characteristic absorptions at 233 
nm (for conjugated dienes) and 268 nm (for conjugated trienes) were measured. Intensity of 
CD and CT formation was expressed as absorption at 233, respectively 268 nm.  
Determination of thiobarbituric acid reactive substances (TBARS. The procedure was 
carried out according to Buege and Aust (1978). Malondialdehyde extinction coefficient 
(0,156 μM-1cm-1) was used for calculation of TBARS content. TBARS were expressed as mg 
MDA/kg minced meat. 
Statistical analysis. All analyses were carried out in triplicates. The result of total 
phenolic compounds, Fe
2+
 chelating activity and reducing power were performed from the 
averages of all samples reading Mean ± SD used Excel 2003. 
 
RESULTS AND DISCUSSIONS 
 
Total polyphenolic compounds, Fe
2+
 chelating activity and total reducing power of 
polyphenolic extract. Total phenolic content of dog rose fruits ethanolic extract was 220.349 ± 
23.497 mg GAE/100 mL. Dog rose fruits polyphenolic extract chelated Fe
2+
, chelating activity 
was 63.306 ± 17.209 %, and it had a reducing power of 2.005 ± 0.372 mM AAE (Tab. 1). The 
capacity of dog rose fruits polyphenols to chelate Fe
2+
 is very important because this ion is 
capable to generate the hydroxyl radical (HO•) from peroxide in Fenton reaction and may be 
implicated in lipid and protein oxidation in meat. Results suggest that dog rose polyphenols may 
act as free radicals preventors, controlling the production of free radicals during the ionization. 
 
Tabel  1 
 
Total polyphenols content, Fe
2+
 chelating activity  
and reducing power of dog rose fruits polyphenolic extract 
 
Total polyphenols content 
(mg GAE/100 mL) 
Fe
2+
 chelating activity 
(%) 
Reducing power activity 
(mM AAE) 
220.349 ± 23.497 63.306 ± 17.209 2.055 ± 0.372 
 
The reducing power of a compound may serve as an important indicator for its 
antioxidant potential. The results showed that dog rose polyphenols have the ability to donate an 
electron to stabilize free radicals and to function as terminator for the free radicals chain in lipid 
oxidation (chain-breaking inhibitor). On the other hand, the ability of polyphenols to donate an 
electron may prevent the oxidation of Fe
2+
 from myoglobin to Fe
3+
, forming metmyoglobin.  
 
Evaluation of myoglobin oxidation 
Myoglobin and metmyoglobin concentration. Meat colour is due to the pigment 
myoglobin (Mb), which is designed to bind and store oxygen in the muscle until it is needed 
for metabolic processes. During storage, myoglobin is susceptible to oxidation by oxygen 
radicals and reactive oxygen species (mainly hydrogen peroxide), forming metmyoglobin 
(MMb), brown coloured. Mb contents in minced beef untreated and treated with dog rose 
fruits polyphenols during refrigerated storage are presented in fig. 1. Mb concentration in all 
samples decreases gradually during storage. The decrease was more pronounced in control 
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samples (without polyphenols). In samples treated with dog rose polyphenols, the decrease of 
Mb concentration was dependent of polyphenols concentration.  In concentrations of 50, 100 
and 150 μg GAE/g minced meat, polyphenols had antioxidant activity proportional to the 
concentration, while the concentration of 200 μg GAE/g minced meat showed a slight 
prooxidant activity compared to 150 μg GAE/g minced meat concentration.  
   
 
 
Fig. 1 Myoglobin (Mb) concentration in minced beef treated with dog rose fruits polyphenols,  
stored at 4°C for 7 days. Each value is expressed as mean ± standard deviation (n = 3). 
 
Concentration of MMb increased in all samples gradually during refrigeration. After 
7 days of storage at 4°C, the highest concentration of MMb was observed in control samples 
(without polyphenols) and the lowest in samples treated with polyphenols in concentration 
150 μg GAE/g minced meat (Fig. 2). Results suggest that polyphenols extracted from dog 




Fig. 2 Metmyoglobin (MMb) percentage in minced beef treated with dog rose fruits  
polyphenols, stored at 4°C for 7 days. Each value is expressed as mean ± standard deviation (n = 3). 
 
Evaluation of lipid oxidation 
Oxidation of lipids during meat storage is considered to produce off-flavours and 
rancidity. Any process causing disruption of the muscle membranes system, such as grinding, 
cooking and deboning, results in exposure of the labile lipid components to oxygen and thus 
accelerates development of oxidative rancidity (Ladikos and Lougovois, 1990).  
Conjugated dienes and conjugates trienes. Formation of hydroperoxides from 
polyunsaturated fatty acids leads in rearrangement of the double bonds and formation of 
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conjugated dienes and conjugated trienes. Conjugated dienes exhibit an intense absorption at 233 
nm and conjugated trienes at 268 nm. An increase in UV absorption reflects the formation of 
primary oxidation products due to lipid peroxidation. Conjugated dienes and conjugated trienes 
levels, expressed as absorbance at 233 nm, respectively 268 nm, are showed in Fig. 3 and 4.  
Conjugated dienes and conjugated trienes gradually increased in all samples during 
refrigerated storage. The oxidation in control samples was more pronounced than in samples 
treated with dog rose polyphenols. The lowest levels of conjugated dienes and conjugated trienes 




Fig. 3 Conjugated dienes in minced beef treated with dog rose fruits polyphenols,  
stored at 4°C for 7 days. Each value is expressed as mean ± standard deviation (n = 3). 
 
 
Fig. 4 Conjugated trienes in minced beef treated with dog rose fruits polyphenols,  
stored at 4°C for 7 days. Each value is expressed as mean ± standard deviation (n = 3). 
 
 
Fig. 5 TBARS in minced beef treated with dog rose fruits polyphenols,  
stored at 4°C for 7 days. Each value is expressed as mean ± standard deviation (n = 3). 
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Thiobarbituric acid reactive substances (TBARS. Thiobarbituric acid reactive substances 
(TBARS) are secondary products of lipid peroxidation. Evaluation of TBARS value is the most 
used technique to measure the extent of lipid oxidation. TBARS values of the ground beef 
without dog rose polyphenols treatment increased rapidly with increasing storage time. For 
samples treated with polyphenols, the gradual increase in TBARS was lower, comparatively 




Dog rose polyphenols may act as free radicals terminators and preventors in lipid and 
protein oxidation. The addition of dog rose polyphenols in minced beef inhibits myoglobin 
and lipid oxidation during refrigeration storage. Due to the antioxidant activity exerted on 
myoglobin and lipids, polyphenols extracted from dog rose fruits can be used to maintain 
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